Mercury (Hg) biomagnification occurs in many ecosystems, resulting in a greater potential for toxicological effects in higher-level trophic feeders. However, Hg transport pathways through different food-web channels are not well known, particularly in high-latitude systems affected by the atmospheric Hg deposition associated with snow and ice. Here, we report on stable carbon and nitrogen isotope ratios, and Hg concentrations, determined for 26, late 19th and early 20th century, polar bear (Ursus maritimus) hair specimens, collected from catalogued museum collections. These data elucidate relationships between the high-latitude marine food-web structure and Hg concentrations in polar bears. The carbon isotope compositions of polar bear hairs suggest that polar bears derive nutrition from coupled food-web channels, based in pelagic and sympagic primary producers, whereas the nitrogen isotope compositions indicate that polar bears occupy > fourth-level trophic positions. Our results show a positive correlation between polar bear hair Hg concentrations and d 15 N. Interpretation of the stable isotope data in combination with Hg concentrations tentatively suggests that polar bears participating in predominantly pelagic food webs exhibit higher mercury concentrations than polar bears participating in predominantly sympagic food webs.
The warming of the Arctic is predicted to significantly reduce Arctic sea ice (Overpeck et al. 2005) , to impact marine food webs and to potentially threaten extant polar bear (Ursus maritimus) populations, because of the loss of seal hunting habitat (Hassol 2004) . The atmospheric deposition of high levels of mercury (Hg) during the Arctic springtime (Ariya et al. 2004 ) may pose an additional threat to these top predators. Despite many valuable contributions to our understanding of trophic structure and Hg cycling in Arctic marine systems (Braune et al. 2005) , the relationships between food-web structure and Hg transport pathways through Arctic food chains represent an understudied component of the highlatitude mercury cycle (Bradstreet & Cross 1982; Atwell et al. 1998; Lu et al. 2001; Fitzgerald et al. 2005 ; Outridge, . For example, a correlation was demonstrated between trophic position (determined from changes in d
15
N values between predator and prey) and Hg concentration in the muscle tissues of marine fauna collected between 1988 and 1990 in Canada's Lancaster Sound ecosystem (Atwell et al. 1998) . However, this correlation excluded polar bears. A more recent study shows a similar correlation that includes polar bears (Dehn et al. 2006) . However, this trend is equivocal, as it is based on d
N values determined on muscle tissue, and total Hg concentrations determined on liver tissue. Another study finds that mercury is biomagnified between polar bear and seal livers, but not between polar bear and seal muscle (Woshner et al. 2001) . The lack of clear evidence for or against Hg biomagnification in polar bear tissues raises questions about the ecological, biological and physiological processes, conditions and behaviours that influence the fate and transport of Hg through highlatitude food webs.
Recent studies suggest that high-latitude ecosystems have a heightened potential for Hg toxicity as a result of the net deposition of ca. 300 tonnes of atmospheric Hg in the Arctic each year, primarily occuring during spring atmospheric Hg-depletion events (Ariya et al. 2004) . Several investigations further indicate that the net deposition of Hg in high-latitude environments has increased during the last century. A study of Hg in Greenlandic polar bear hairs collected between 1892 and 2001 showed very little change in Hg concentration up to about 1950, with a large increase in more recent times, presumably as a result of the increased anthropogenic inputs of Hg to the atmosphere (Dietz, Riget, Born et al. 2006) . This is generally consistent with records of atmospheric Hg deposition in the Northern Hemisphere in glacial ice cores (Schuster et al. 2002) and lake sediments (Fitzgerald et al. 2005; Outridge, Stern et al. 2005) , which exhibit large increases in Hg deposition between ca. 1950 and the present. Given these trends in Hg deposition, it is important to assess the ecological conditions of Hg transport through high-latitude food webs.
In this study, we determined the stable carbon and nitrogen isotopic compositions, and Hg concentrations, in 26 polar bear hair specimens collected from throughout the Arctic prior to 1950. Our primary goal was to investigate the influence of trophic position and food-web structure on Hg concentrations in polar bears from the time period prior to the most significant anthropogenic increases in atmospheric Hg deposition, and prior to the impact of modern climate change on sea-ice extent in the Arctic. This study provides a baseline from which current and future effects of Hg deposition and climate change on polar bear Hg exposure can be referenced.
Materials and methods
Hair samples from 26 polar bears were obtained from the National Museum of Natural History in Washington, D.C., the Harvard Museum of Comparative Zoology in Cambridge, MA, and the American Museum of Natural History in New York, for stable isotope ratio and Hg concentration analyses. Museum staff cut 50-100-mg guard hair specimens from the ventral section of the catalogued museum polar bear pelts. Specimen collection dates range from 1881 to 1946, and the collection locations span the Arctic Basin ( Fig. 1 The Hg concentration analyses were performed in the Department of Geological Sciences, University of Michigan. Prior to analysis ca. 1-mg samples were shaken for 3 h in 1% RBS-35 detergent (Thermo Scientific), and rinsed three times in deionized water to clean the hair of possible external contamination. Samples were then dried overnight in a clean box with desiccant, and weighed into Teflon digestion vessels. Concentrated HNO 3 and H2O2 were added to the vessels, and samples were completely digested in a closed-system microwave digestion apparatus. After cooling in a water bath, the vessels were opened and solutions were diluted with deionized water. Certified reference materials (CRMs) and reagent blanks were digested with each batch of eight samples, and most samples were digested in duplicate for quality control. Samples were analysed for total Hg by cold-vapour atomic absorption spectroscopy (l = 253.7 nm), using an automated MA-2 Hg analyser (Nippon Instruments, College Station, TX, USA 
Results
The stable isotopic results ( Fig. 2 Table 1 ) in excess of the reported analytical error of 0.2‰. However, the intraspecimen variability in polar bear hair isotopic compositions is approximately an order of magnitude lower than the total range in hair d
C and d
15 N values observed in the sample set, suggesting that the large range in isotopic compositions across all specimens is most likely to result from differences in the ecosystem conditions, such as the isotopic composition of primary producers and local food-web structure, rather than individual feeding behaviours.
The total [Hg] ranges between 0.52 and 7.62 mg g -1 for 22 of the 26 wild polar bear hair specimens investigated, with a mean concentration of 3.26 mg g -1 (SD 1.9 mg g -1 ; ). Although none of the museum catalogues explicitly denote information regarding preservative applications, these four samples may have been exposed to mercuric chloride (which was sometimes used as a specimen preservative in the late 1800s and early 1900s) during sampling, museum cataloguing or subsequent storage. As these four specimens are statistical outliers, being more than 13 standard deviations above the mean, we do not consider them in our [Hg] data interpretations. Intraspecimen [Hg] variability for the 22 samples considered in our analysis range between 0.01 and 0.92 mg g -1 (reported as the standard deviation of duplicate or triplicate analyses; Table 1 ).
Discussion
In order to accurately interpret relationships among historic polar bear hair stable isotope and Hg concentration data, similar data for other Arctic marine organisms lower in the food chain is required, as both the isotopic composition and Hg concentration of biologic materials depend upon trophic position, food-web structure and feeding behaviour. However, the general lack of historic (pre-1950) stable isotope and Hg concentration data for most Arctic marine organisms, and the limited availability of suitable specimens for such analyses, present immediate challenges to such research. In an effort to overcome these limitations, we have compiled both modern (post-1980) and historic (pre-1950) data available from the literature for a variety of organisms from a variety of high-latitude locations. All previously published data is cited in the following discussion, and in the accompanying figures, where appropriate.
It is important to consider the fundamental limitations that the temporal and geographic heterogeneity of the presented data impose on our interpretations. Given the geographic heterogeneity of the polar bear hair data we present, all interpretations are relevant only on broad regional scales. Previous research has demonstrated that complex relationships between food-web channels exist on spatial scales of less than 100 km (Tamelander et al. 2006) , whereas d 13 C values of marine invertebrates are known to vary by ca. 2-4‰ between the Bering/Chukchi and Beaufort/Arctic Ocean regions (Schell et al. 1998) . With respect to Hg, Eaton & Farant (1982) reported polar bear hair concentrations in the western Canadian Arctic (Amundsen Gulf) that are approximately 10 ppm higher than in the central and eastern Canadian Arctic, for samples collected between 1977 and 1980. Specimen location data are available for only 11 of the 22 polar bear hair samples discussed below (Table 1) . Given this low sample size, and the resultant low spatial sample density, geographic effects are beyond the scope of this study. For a comprehensive review of spatial and temporal trends in (Hobson & Welch 1992; Hobson et al. 2002; Tamelander et al. 2006; Tremblay et al. 2006) ; ice algae (Hobson & Welch 1992; Hobson et al. 2002; Campbell et al. 2005; Tamelander et al. 2006; Tremblay et al. 2006) ; sympagic amphipods (Tremblay et al. 2006 ); invertebrates (Hobson & Welch 1992; Hobson et al. 2002; Campbell et al. 2005; Tamelander et al. 2006) ; birds (Hobson & Welch 1992; Hobson et al. 2002; Tremblay et al. 2006) ; fish (Hobson & Welch 1992; Hobson et al. 2002; Kurle 2002; Campbell et al. 2005; Tamelander et al. 2006) ; marine mammals (Hobson & Welch 1992; Muir et al. 1995; Hobson et al. 1997; Hobson et al. 2002; Kurle 2002; Campbell et al. 2005; Outridge, Hobson et al. 2005 ). All of the previously published data were determined for vertebrate muscle tissue and invertebrate whole-body homogenates. Hg concentrations determined for various Arctic marine biota, see Braune et al. (2005) .
Similarly, the temporal heterogeneity, limited sample size and lack of biophysical data (including age, collection season, sex and sexual maturity/reproductive status) in our data set precludes robust interpretation of time-dependent changes in food-web structures, Hg deposition/uptake rates, biophysical effects and biomagnification trends through time. However, the data do allow us to interpret gross regional-scale relationships between food-web structure and the fate and transport of Hg through a composite high-latitude food web, irrespective of space and time. As a result of these important limitations, our discussion centres on the interpretation of regional food-web structure based on the d 
Stable isotopes
The stable isotopic assessments of food-web structure are based on the enrichment of Cdiet ª 0-2‰), suggesting that the nitrogen isotopic composition is directly related to the trophic position of an organism, and that the carbon isotopic composition reflects the carbon source at the base of the food web (Kelly 2000) .
Carbon
The 4.4‰ range in hair d
13
C values reported here suggests that polar bears participate in food webs with a similarly wide range in primary producer carbon isotope compositions. Previous research by Hilderbrand et al. (1996) indicates that the isotopic composition of American black bear (Ursus americanus) hair and muscle tissues are not significantly different when fed the same diet over a seven-month period; assuming the same relationship exists in polar bears, the significant difference between polar bear hair (this study) and muscle (Ramsay & Hobson 1991; Hobson & Welch 1992 ) d 13 C values described above, supports the interpretation that the carbon isotope composition of primary producers differs by several per mille (ca. 4-5‰)across the Arctic.
Primary production in Arctic ecosystems occurs predominantly in phytoplankton and ice algae in pelagic and sympagic environments, respectively. Bradstreet & Cross (1982) reported on the importance of the sympagic ice algae community to Arctic food webs, and Welch (1992) suggested that sympagic primary production accounts for ca. 10% of total primary production in the 98 000-km 2 Lancaster Sound region. Two recent investigations report on the carbon isotope composition of phytoplankton, as particulate organic matter, and ice algae in Arctic systems, with both investigations finding that ice-associated particulate organic matter exhibits d
C values approximately 3-10‰ more positive than pelagic organic matter (Tamelander et al. 2006; Tremblay et al. 2006) . The compiled primary producer data presented in Fig. 2 further supports this finding.
The previously published primary producer data presented in Fig. 2 represent 76 phytoplankton (as particulate organic matter) and 43 ice algae samples collected from the Barents Sea (Tamelander et al. 2006) , North Water Polynya (Hobson et al. 2002; Tremblay et al. 2006) , and Barrow Strait-Lancaster Sound (Hobson & Welch 1992 ). The carbon isotope compositions of Arctic phytoplankton and ice algae are significantly different (one-way ANOVA, p < 0.0001), with phytoplankton exhibiting an average d (Fig. 2) , suggests polar bears derive nutrition from both of these pelagic and sympagic primary producers (i.e., phytoplankton with relatively low d Given that sea ice represents the primary seal hunting habitat for polar bears, and that sympagic food-web channels are an important component of Arctic ecosystems (Bradstreet & Cross 1982; Welch 1992) , it is not surprising that the carbon isotope composition of polar bear hairs reflects carbon fixation occurring in ice-associated environments. However, the distribution of the polar bear hair d 13 C values presented in Fig. 2 suggests that polar bears derive nutrition from coupled pelagic and sympagic carbon sources, rather than from discrete primary production end members.
Alternative explanations are also possible. Ice algae d
C values demonstrate a strong correlation with ice thickness in both Antarctic (Arrigo et al. 2003) and Arctic (Tremblay et al. 2006 ) systems, potentially explaining the high variability in the reported ice algae d 13 C values (e.g., Tamelander et al. 2006) , and ultimately contributing to the variability in polar bear hair carbon isotope compositions. Additionally, benthic organisms also exhibit more positive d
C values relative to pelagic organisms (Hobson et al. 2002) . It is therefore not possible to differentiate between sympagic and benthic food-web components, based on carbon isotopic composition alone. Relatively positive benthic organism d C-depleted pelagic particulate organic matter (Hobson et al. 2002) . In fact, recent research suggests some Arctic benthic species may preferentially consume ice algae, rather than phytoplankton, because of the higher essential fatty acid content of ice algae (McMahon et al. 2006) . Given the significant difference in pelagic versus sympagic primary producer d
C values, similarities in the range of d
C values observed at all trophic positions, and the polar bears' biological reliance on sympagic environments, we suggest that the previously undocumented range in polar bear hair d
C values reported here results from the coupling of pelagic and sympagic food-web channels in Arctic ecosystems (Fig. 2) .
Nitrogen
The 5.3‰ range in polar bear hair d 15 N values reported here ( Fig. 2; Table 1 ) exceeds the range in polar bear tissue values recognized in earlier studies (Hobson & Welch 1992; Atwell et al. 1998) . Arctic pelagic (6.7 Ϯ 0.6‰ SD, n = 76) and sympagic (5.6 Ϯ 1.0‰ SD, n = 43) primary producers have similar d
15
N values (Hobson & Welch 1992; Hobson et al. 2002; Campbell et al. 2005; Tamelander et al. 2006; Tremblay et al. 2006) , suggesting that trophic position, rather than the source of primary production, is the main control on polar bear tissue nitrogen isotope compositions. Empirical and experimental data sets indicate bear tissues show a 3.2-4.1‰ increase in d
N values relative to diet (Hobson & Welch 1992; Hilderbrand et al. 1996; Hobson et al. 2002) . Assuming a nitrogen isotope fractionation of 3.8‰ per trophic level (as used in Hobson et al. 2002) , and an average primary producer d 15 N value of 6.3‰ (calculated from the primary producer data presented in Fig. 2) , our results indicate polar bears occupy the 4.1-5.5-level trophic positions, in good agreement with previous stable isotope-based results (Hobson et al. 2002) and known trophic relationships (Bradstreet & Cross 1982) .
The polar bear hair stable isotopic data presented here advances our understanding of food-web structure in high-latitude ecosystems. As described above, the carbon isotope composition of polar bear hair suggests these top predators ultimately derive nutrition from mixed pelagic and sympagic primary producers, and associated foodweb channels, at the regional scale. Given the association of polar bears with sympagic habitats, and the opportunistic feeding behaviour of the polar bears' preferred diet (ringed seals, Pusa hispida), this interpretation is intuitively plausible, if not expected. Yet, the only polar bear stable isotopic data available in the literature (Ramsay & Hobson 1991; Hobson & Welch 1992; Hobson et al. 2002) suggests that polar bears derive nutrition solely from pelagic food-web channels (Hobson et al. 2002: fig. 1 )-in contrast to the data and interpretations presented here. This is an important contribution of the current research, as recent studies suggest the Arctic is a significant sink in the global Hg cycle: thus, interpreting the stable isotopic data presented above, in concert with Hg concentration data, provides a novel opportunity to evaluate the fate and transport of Hg through high-latitude food webs and food-web channels.
Mercury concentrations
Highly elevated concentrations of Hg are observed in modern Arctic snow during springtime tropospheric Hg-depletion events (Lu et al. 2001) . These events result from the rapid oxidation of globally transported gaseous elemental Hg, and are believed to be exacerbated by atmospheric Br and BrO derived from sea-salt aerosols (Lu et al. 2001; Ariya et al. 2004 ). The accumulation of Hg in high-latitude Northern Hemisphere systems has increased between pre-industrial and modern times, with the significant anthropogenic increase of atmospheric Hg deposition occurring in the second half of the 20th century (Schuster et al. 2002; Fitzgerald et al. 2005; Outridge, Stern et al. 2005 ). In an effort to limit temporal effects on our interpretations, we restricted our sample set to polar bear hair specimens collected prior to 1950. Our polar bear hair Hg concentration data agree well with similar published data for 18 samples collected between 1910 and 1927, from the Canadian Arctic and Hudson's Bay (Eaton & Farant 1982;  Fig. 3 ).
Elevated Hg concentrations have been identified in a variety of Arctic fauna across geographically and temporally heterogeneous scales, including a number of marine mammals and birds (Eaton & Farant 1982; Wagemann et al. 1996; Atwell et al. 1998; Outridge, Hobson et al. 2005; Dietz, Riget, Boertmann et al. 2006; Dietz, Riget, Born et al. 2006) . Previous research indicates Hg biomagnification occurs in Arctic food webs via uptake by primary producers and subsequent consumption by invertebrates, fish, birds and marine mammals (Atwell et al. 1998) . However, it is important to note that polar bears did not fit this published biomagnification trend, and that they were the only species to exhibit lower Hg concentrations than their prey (Atwell et al. 1998) . Atwell et al. suggested that this exception was most likely to have resulted from individual feeding behaviours, whereby polar bears limit their exposure to the available Hg through preferential consumption of seal skin and adipose tissue (Norstrom et al. 1986 ), both of which have been shown to exhibit lower Hg concentration than muscle and organs (Smith & Armstrong 1975) . Our results for polar bear hair support this interpretation, demonstrating low Hg concentrations (<1.0 mg g 
Mercury biomagnification
The slope of the regression of log-transformed Hg concentrations versus d 15 N represents a quantification of the Hg biomagnification power for a composite post-1980 high-latitude food web (Fig. 4a) . We present our polar bear hair data alongside compiled [Hg] and d 15 N tissue data for a variety of marine fauna collected during the late 19th, early 20th and late 20th centuries (Eaton & Farant 1982; Applequist et al. 1985; Atwell et al. 1998; Campbell et al. 2005; Outridge, Hobson et al. 2005; Dietz, Riget, Boertmann et al. 2006) . The Hg biomagnification power of the composite post-1980 high-latitude food web is 0.17. This composite value is intermediate to the total Hg biomagnification power of 0.20 calculated for both the Lancaster Sound and Northwater Polynya food webs (Atwell et al. 1998; Campbell et al. 2005) , and the biomagnification power of 0.15 (i.e., a biomagnification factor of 1.40) that has been determined for the Alaskan Arctic (Dehn et al. 2006) . The 95% confidence limit of the linear regression of Log[Hg] versus d 15 N in the post-1980 samples encompasses Hg biomagnification powers (i.e., regression line slopes) ranging between 0.12 and 0.22 (Fig. 4a) . A similar biomagnification trend is apparent in a limited pre-1950 data set (Fig. 4b) , including polar bears, beluga (Delphinapterus leucas), black guillemots (Cepphus grylle) and white-tailed eagles (Haliaeetus albicilla) (Eaton & Farant 1982; Applequist et al. 1985; Outridge, Hobson et al. 2005; Dietz, Riget, Boertmann et al. 2006 ; this study). In contrast to previous research (Atwell et al. 1998) , the data presented here suggest that Hg biomagnification was, and likely remains, a common process affecting most polar bears throughout the Arctic.
Mercury transport pathways
The interpretation of this biomagnification trend in the context provided by stable isotope-based assessments of food-web structure informs our understanding of the Hg transport pathways in high-latitude ecosystems. Based on compound-specific d
13
C values determined for consumers, and both sympagic and pelagic primary producers, Budge et al. (2008) suggest ice algae are likely to account for 24-71% of the fatty acid material in Arctic consumers near Barrow, Alaska. Other research has found that sympagic primary production accounts for ca. 57% of total primary production in the central Arctic Ocean, but less than 5% in the central Chukchi Sea (Gosselin et al. 1997) . Such variability in the balance between pelagic and sympagic primary production is likely to contribute to the geographic variability observed in the isotopic compositions of Arctic biota (e.g., Dietz et al. 1996; Wagemann et al. 1996; Schell et al. 1998; Dehn et al. 2005) , and, as a result, would also be expected to affect Hg transport through sympagic versus pelagic food-web end members.
The stable isotope data presented here indicate that polar bears participating in food webs dominated by pelagic organisms tend to have more positive d 15 N and more negative d 13 C values, than polar bears exploiting sympagic food-web channels (Fig. 2) . These pelagic polar bears exhibit the highest d 15 N values and Hg concentrations (Fig. 5b) , whereas sympagic polar bears exhibit the highest d (Figs. 2, 5 ). Several ecological explanations for these relationships are possible.
High-latitude pelagic food webs may be more complex than sympagic food webs, resulting in higher trophic positions (i.e., higher d 15 N values) and increased potential for Hg biomagnification in the pelagic top predators. The fundamental difference between high-latitude seasonally ice-free and perennially ice-covered ecosystems is that seasonally ice-free ecosystems are often nutrient limited, whereas perennially ice-covered ecosystems are generally light limited (Smetacek & Nicol 2005) . Furthermore, the epipelagic copepod community composition and biomass varies with regional primary productivity (Atkinson Atwell et al. 1998 and Campbell et al. 2005) . The grey curves correspond to the 95% confidence limit of the least-squares regression line plotted in (a). We include the post-1980 regression line and confidence limits in (b) to aid comparisons of the data. The red circles (pre-1950 polar bear hairs) in (b) represent data original to this study. The whisker plots numbered 1-4 in (b) present the range in published pre-1950 mercury concentrations for (1) black guillemot (Cepphus grylle) feathers (Applequist et al. 1985) , (2) ), suggesting that fundamental differences in trophic structure between the more productive pelagic and relatively less productive sympagic systems are to be expected. Direct observation of ice-associated organism stomach contents indicate that the sympagic food webs progress from ice algae, to copepods and amphipods, to Arctic cod (Arctogadus glacialis), to ringed seals, which are the primary food source for polar bears (Bradstreet & Cross 1982) . More complex predator-prey relationships, particularly for organisms eating species that are low on the food chain, may exist in pelagic food webs, as suggested by the higher trophic positions (based on more positive d 15 N values) of pelagic amphipods compared with sympagic amphipods (Tamelander et al. 2006) . Longer pelagic food chains would ultimately result in more than five trophic levels, and in higher Hg concentrations in polar bears taking advantage of predominantly pelagic, rather than sympagic, food-web channels.
High Hg concentrations in polar bear hair may also result from the circumstantial consumption of prey tissues that are relatively enriched in bioavailable organic Hg. Polar bears primarily feed on ringed seals, the most common and best-adapted Arctic seal (Wagemann et al. 1996) , although recent research indicates bowhead whales (Balaena mysticetus) represent ca. 19% of the polar bear winter diet in the southern Beaufort Sea (Bentzen et al. 2007 ). The total Hg concentrations in ringed seal livers are between one and two orders of magnitude higher than the concentrations found in muscle, and about one order of magnitude higher than the concentrations found in kidneys (Wagemann et al. 1996; Dehn et al. 2005) , and similar relationships are recognized in belugas and narwhals (Monodon monoceros), both of which are less common polar bear prey species (Wagemann et al. 1998 ). However, Arctic marine mammal livers and muscle exhibit similar methylmercury (MeHg) concentrations (mean concentrations of ca. 1-2 mg g . Thus, preferential feeding on marine mammal adipose tissue may limit Hg ingestion by polar bears at the same time as decreasing the 13 C content of polar bear tissues, as lipid-rich diets have lower d
C values than non-lipid diets (Hilderbrand et al. 1996) . Such feeding behaviours are likely to complicate the relationship between Hg concentrations and d
C values in sympagic and pelagic polar bear hairs (Fig. 5a ). However, bears unable to preferentially consume adipose tissue because of environmental pressures and/or nutritional requirements may ingest significantly more Hg if muscle and internal organs are consumed. Perennial sea-ice may limit Hg availability to sympagic food webs. A dramatic increase in the Hg concentrations of snow deposited on Arctic sea ice occurs between winter and spring (Lu et al. 2001 ) as a result of Arctic Hg depletion events (Ariya et al. 2004; Douglas et al. 2008) , and spring meltwaters add some of this oxidized Hg to Arctic ecosystems. However, the photoreduction of oxidized Hg from the surface snow pack returns much of the Hg deposited in snow to the atmosphere (Ariya et al. 2004 ). This suggests that the accumulation of Hg in Arctic systems occurs during the spring primary productivity blooms, which are contemporaneous with halogendriven Hg oxidation events and rapid meltwater transport of oxidized Hg compounds into marine environments. Ecosystems associated with perennial sea ice may experience less Hg accumulation because of the limited transport of oxidized Hg compounds through the pack ice, as well as the more pronounced photoreduction of oxidized Hg compounds in surface snow (Ariya et al. 2004) . In contrast, epipelagic ecosystems may be more susceptible to Hg bioavailability because of increased Hg oxidation at higher salinities (Poulain et al. 2007 ).
Conclusions
Our results suggest that pre-1950 polar bears derived nutrition from a combination of pelagic and sympagic food-web channels, and that Hg concentrations tend to be higher in pelagic food-web participants. The variability of Hg concentrations in polar bear hair specimens collected before 1950 is likely to have resulted from a combination of trophic structure, feeding behaviour and perennial seaice effects, although given the limited size and geographic heterogeneity of our data set, unrecognized spatial and temporal mechanisms are also likely. The elevated [Hg] in polar bear hair in more recent times (e.g., Dietz, Riget, Born et al. 2006 ) is probably related to the increased atmospheric deposition of anthropogenic Hg, and may be spatially distributed, although this has not yet been adequately tested. The relationships between the regional food-web structure and Hg concentrations suggested in this study should help future interpretations of Hg concentrations in modern polar bears, which are also potentially affected by spatial variation in anthropogenic Hg deposition, and changes in the patterns of sea-ice cover and the associated impacts on local food-web structures.
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